Introduction {#sec1-1}
============

*Mentha piperita* L. belongs to family Lamiaceae, commonly known as mint, spearmint and peppermint. The plant is widely used as an anti-spasmodic, carminative, anti-motion sickness and anthelmintic.\[[@ref1]\] Brazilians have used the plant for the treatment of nausea, vomiting, common cold, fever, bronchitis and for stimulation of appetite.\[[@ref2]\] The plant has also been reported to have antimicrobial properties.\[[@ref3][@ref4]\] Decoction of *M. piperita* leaves have been used as tonic, digestive and anti-inflammatory in Iranian Traditional Medicine.\[[@ref5]\] The plant extract has been shown to contain strong flavonoid and phenolic compounds, which might responsible for their concentration dependent free radical scavenging properties.\[[@ref6][@ref7][@ref8]\]

Gentamicin, an aminoglycoside, is known for its nephrotoxicity and one of the possible mechanisms suggested is damage due to generation of free radicals.\[[@ref9]\] Due to the wide use of plant extract for the treatment of different ailments and especially due to their concentration dependent free radical scavenging properties, it was thought worthwhile to explore the protective effect of *M. piperita* against gentamicin-induced renal damage.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Animals {#sec3-1}

A total of 24 male rabbits of mixed breed (1-1.5 kg) were kept in the animal house of Frontier Medical College, Abbottabad, 15 days before the start of experiment for acclimatization after the approval of the project by the University Animal Ethics Committee. Animal handling and care were strictly performed according to the guidelines of the university (University of Malakand) along with international laws and policies (National Institutes of Health Guide for the Care and Use of Laboratory Animals, NIH Publication no. 85-23, 1985). All the animals were maintained on same diet at 12 h light/dark cycle. Injection gentamicin 80 mg/ml (Merck Private Ltd.) was purchased from local market, Abbottabad, Pakistan.

### Plant Material and Extraction {#sec3-2}

Fresh plant leaves of *M. piperita* was collected from Abbottabad after identification by Professor Umar Farooq, Department of Botany, G.P.G College Abbottabad and the voucher specimen (1028) was submitted to the herbarium of the same college. Extraction was done with ethanol after drying the leaves under shade. The ethanol was than evaporated by rotary evaporator (r210, Germany).

### Experimental Design {#sec3-3}

Animals were divided into four groups of 6 each and each group was treated independently as follows:

Group C received 0.9% saline only 2 ml/kg (i.m) for 21 daysGroup G received gentamicin 80 mg/kg (i.m) for 21 daysGroup GM-pi received gentamicin 80 mg/kg (i.m) + *M. piperita* 200 mg/kg (p.o) for 21 daysGroup M-pi received *M. piperita* 200 mg/kg (p.o) for 21 days.

Blood from the marginal vessel of the pinna and urine samples were collected on day 0, 11^th^ and 21^st^ of experimental period for measurement of blood urea nitrogen, serum creatinine, creatinine clearance, serum uric acid, serum electrolytes, urinary volume, urinary creatinine, urinary proteins, urinary alkaline phosphatase and urinary lactate dehydrogenase to find out the protective role of plant extract against gentamicin induced nephrotoxicity.

Bertholot\'s indophenol assay was used for the estimation of blood urea nitrogen while serum and urinary creatinine was measured by Jaffe reaction method. Serum uric acid was measured by using commercially available reagents with the help of chemistry analyzer (Merck, Germany).\[[@ref10]\] Flame photometric method was used for estimation of serum sodium and serum potassium while serum calcium was estimated by cresolphthalein complex one method.\[[@ref11]\] Alkaline phosphatase and lactate dehydrogenase was measured by using commercially available reagents (Randox laboratories, UK), following German Society of Clinical Chemistry.\[[@ref12]\]

### Renal Histology {#sec3-4}

Three rabbits in each group were sacrificed on day 21 of study period for examination of the kidneys. Each kidney was isolated and fixed in 10% formalin. Ethanol was applied in ascending order followed by two grades of absolute alcohol and xylene. Tissues were fixed with the help of wax. Blocks were cut down by using rotatory microtome (Micros, Germany). Hematoxylin and Eosin dyes were used for the staining of slides and examined under microscope (Germany).

### Impact of Plant Extract on Antibacterial Activity of Gentamicin {#sec3-5}

Effect of the plant extract on antibacterial activity of gentamicin was tested against five bacterial strains including Gram-negative bacteria, i.e. *Salmonella typhi*, *Escherichia coli*, *Pseudomonas pickettii* and *Proteus mirabilis* and Gram-positive bacteria, i.e. *Micrococcus luteus*. Bacterial cultures were provided by Ayub Medical College, Abbottabad. Agar well diffusion method was followed.\[[@ref13]\] The plates were sterilized in autoclave (Hirayama) and prepared in aseptic condition under laminar flow hood. The bacteria were cultured and incubated for 24 h at 37°C. Few colonies from these cultures were inoculated on Mueller-Hinton Broth and the inoculum was spread over the plates. The seeded plates were then allowed to dry for 20 min in the incubator (Mammert, Germany). Uniform sized wells were cut down on the surface of Mueller-Hinton Agar with the help of a standard cork borer. The plant extract at a concentration of 500 mg/ml and gentamicin at a concentration of 40 mg/ml were used in combination. The inoculated plates were then incubated for 24 h at 37°C and the zone of inhibition was measured to the nearest millimeter with the help of colony counter (Sunte ×570, Taiwan).

### Statistical Analysis {#sec3-6}

All experimental groups were compared by one-way analysis of variance (ANOVA) followed by Dunnett test and the results were expressed as mean ± standard error of mean the difference between groups was considered to be statistically significance if the *P* \< 0.05.

Results {#sec1-3}
=======
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### Biochemical Parameters {#sec3-7}

Significant increase in blood urea nitrogen, serum creatinine and serum uric acid levels were observed in Group G, on day 11 and 21 when compared with control group (*P* \< 0.0001). Group GM-pi and M-pi showed a significant decrease in these parameters when compared with Group G (*P* \< 0.0001) on day 11 and 21 \[[Table 1](#T1){ref-type="table"}\]. Significant decrease in creatinine clearance was observed in Group G on day 11 and 21 when compared with Group C (*P* \< 0.001). Group GM-pi and M-pi showed a significant increase in creatinine clearance on day 11 and 21 when compared with Group G (*P* \< 0.0001) \[[Table 1](#T1){ref-type="table"}\].

###### 
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Serum sodium was unchanged throughout the study period in all treated groups. Significant decrease in serum potassium and calcium in Group G was seen on day 11 and 21 with respect to Group C (*P* \< 0.0001). Significant increase in serum potassium was observed in Groups GM-pi and M-pi on day 21 while significant increase in serum calcium levels was observed on both day 11 and 21 when compared with Group G (*P* \< 0.0001) \[[Table 1](#T1){ref-type="table"}\].

Urinary volume was observed to be statistically unchanged on day 11^th^ in all experimental groups, while on day 21 the urinary volume of Group G was significantly decreased when compared with Group C (*P* \< 0.001). Group M-pi on day 21 had a significantly higher urine volume when compared with Group G (*P* \< 0.0001). Microscopic examination of urine revealed the presence of significant amount of red blood cells, leukocytes and renal casts in Group G animals. These findings were not seen in Groups C, GM-pi and M-pi.

Urinary excretion of protein and lactate dehydrogenase was significantly increased in Group G on day 11 and 21 as compared to Group C (*P* \< 0.05 and 0.0001 respectively). Group GM-pi and M-pi were found to have significantly decreased urinary protein levels as compared to Group G on day 21; however this difference was not significant when measured on day 11^th^ of study \[[Table 2](#T2){ref-type="table"}\]. Significant decrease in urinary lactate dehydrogenase levels was noted in Group GM-pi and M-pi on day 11 with respect to Group G (*P* \< 0.0001) \[[Table 2](#T2){ref-type="table"}\]. Urinary excretion of alkaline phosphatase was noted unchanged in all experimental groups throughout the study period.

###### 
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### Renal Histology {#sec3-8}

Histological examination of the kidneys of Group G showed proximal tubular necrosis with loss of cellular pattern. Glomerular atrophy and ruptured tubules with hydropic changes were also observed \[[Figure 1b](#F1){ref-type="fig"}\]. While in case of Group C animals' normal tubules with no evidence of necrosis and normal glomeruli or hydropic changes were observed \[[Figure 1a](#F1){ref-type="fig"}\]. Groups GM-pi and M-pi also showed normal histology with no common abnormality or significant toxicity \[Figure [1c](#F1){ref-type="fig"} and [d](#F1){ref-type="fig"}\].

![Photomicrograph showing histopatological examination of renal cortex (a) Group C, presenting no common abnormality (b) Group G, presenting glomerular atropy with hydropic changes and proximal tubular cell necrosis with loss of cellular pattern (c) Group GM-pi, presenting normal glomeruli with no evidence of necrosis or ruptured tubules (d) Group M-pi, also presenting normal structures](IJPharm-46-166-g003){#F1}

### Impact of Plant Extract on Antibacterial Activity of Gentamicin {#sec3-9}

The zone of inhibition measured for gentamicin alone and in combination with plant extract against *S. typhi* was 31 mm. In the other Gram-negative bacterial cultures, the zone of inhibition of gentamicin in combination with *M. piperita* extract was greater than with gentamicin alone (*E. coli* -- 29 mm vs. 20 mm, *P. pickettii* -- 42 mm vs. 34 mm, *P. mirabilis* -- 18 mm vs. 15 mm). The zone of inhibition measured for gentamicin against *M. luteus* was 34 mm while for the combination was 42 mm.

Discussion {#sec1-4}
==========

The current study was aimed to explore the nephroprotective effects of *M. piperita* against gentamicin-induced renal damage. Different doses of gentamicin, ranging between 40 and 100 mg/kg/day have been used by different researchers to produce significant nephrotoxictiy\[[@ref14]\] and as it has been reported that the nephrotoxic effects of gentamicin can be produced only when the drug is used at 5-10 times the normal therapeutic dose.\[[@ref15][@ref16]\] Therefore in the current study, daily dose of 80 mg/kg of gentamicin was selected to produce strong nephrotoxic effect.

Increase in serum creatinine with the rise in blood urea nitrogen and a significant fall in creatinine clearance has been reported previously with gentamicin.\[[@ref15][@ref17][@ref18]\] In the present study, significant rise in the serum creatinine, blood urea nitrogen and serum uric acid with fall in creatinine clearance were observed in Group G animals when compared with control, which was reversed to almost control values in the extract treated animals. This showed the protective role of *M. piperita* against toxic effects of gentamicin on kidney.

Gentamicin associated rise in urinary excretion of sodium and potassium has been reported previously\[[@ref19]\] and this hypokalemia is mostly due to the chronic administration of the drug. Similarly, in the current study significant hypokalemia was observed in Group G animals, different from Group C and all other treated groups.\[[@ref15][@ref20]\] Like control group animals, the animals treated with plant extract alone and in combination with gentamicin did not produce fall in serum potassium.\[[@ref21]\] In agreement with the previous reports, fall in serum calcium was observed in Group G animals, which was significantly different from Group C, Group GM-pi and Group M-pi.\[[@ref20][@ref22]\] Further, it has also observed in other studies that large doses of gentamicin altered serum sodium level, however in the present study no significant alteration in serum sodium level was observed.\[[@ref15]\]

Rise in serum creatinine depends upon the extent of tubular necrosis\[[@ref23]\] which may due to the blocking of tubules by the necrotic debris as observed in renal histopathological sections in the current study. Significant rise of serum creatinine was observed in Group G animals with proximal tubular necrosis. However, it has been reported that alteration in the renal functioning parameters and proximal tubular necrosis are independent.\[[@ref17][@ref24]\]

Urinary volume decreased in Group G animals with an increase in urinary protein excretion which was significantly different from control group animals. However, urinary volume and urinary protein excretion in animals treated with co-therapy of gentamicin and *M. piperita* and *M. piperita* alone was similar with Group G animals on day 11^th^, which further changed on day 21^st^ of study period. Urinary alkaline phosphatase and lactate dehydrogenase was measured to explore the nephro-protective effects of plant extract as used previously.\[[@ref25]\] Urinary alkaline phosphatase excretion remained unchanged throughout the study period. However, urinary lactate dehydrogenase significantly increased in Group G animals on day 11^th^ of study period. Further, animals treated with co-therapy of gentamicin and *M. piperita* and *M. piperita* alone were significantly different from Group G animals on day 11^th^ but similar on day 21^st^ of study period showed their importance in early detection of nephrotoxicity.

Histological examination of kidney revealed the presence of proximal tubular necrosis, regenerating cells and hydropic changes in Group G animals which were in agreement with previous reports.\[[@ref14][@ref15]\] Significant increase in urinary protein excretion may because of the presence of hyaline and renal casts in the tubules which may lead to cellular degeneration. Renal casts may block the tubules and lead to renal damage.\[[@ref14][@ref23]\] Cellular derangements, hydropic changes and the presence of necrosis and cast cells were not significantly detected in control group animals, extract treated and animals treated with co-therapy of *M. piperita* and gentamicin.

The plant extract was also screened for its impact on the antibacterial activity of gentamicin. *M. piperita* has been previously reported to have strong antibacterial properties.\[[@ref3]\] Similarly, in the current study, the plant extract increased the zone of inhibition of gentamicin against several bacteria.

It can be concluded that concurrent administration *M. piperita* successfully prevented renal damage associated with gentamicin, explored by various biochemical and histological examinations. Alteration in mean body weight, blood urea nitrogen, creatinine, creatinine clearance, uric acid, urinary protein and enzymes excretion associated with gentamicin were reduced by treating animals simultaneously with crude extract of *M. piperita*. Further, the study also shows that concomitant use of *M. piperita* does not decline the efficacy of gentamicin with respect to its antibacterial activities. Further studies need to be undertaken in order to confirm these findings and its extrapolation in humans.
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